gy AT TN AN
* .

‘
o et
g.} b
el

)

o

BT

ki

< g e ,,f,.,

INFRARED ROCKET ASTRONOMY

Marmy O. Harwrr, JaMes R. Houck,
JuprtH L. FivHER, and BarucH T. SoFEr

. -
Center {or Radiovhysics and Space Research, Space Scienice Building

as necessarily

Project No. 8692

/sanual Report No. 2

15 November 1971

Optical Physics Laboratozy

Spoasared by

Monitored by

Feproduted by

NATIONAL TECHNICAL
INFORMATION SERVICE

$pengheld Va 2215y

R e i T R S

o ‘:(:?a .v.’:r

L

B3 - «}: -
FO .~ =

U

Con‘ract Monitor: Stephan D, Price

Advanced Research Projects Agency
ARPA Order No. 1366

Cornell University, Ithace, N. Y. 14850 ,

atract No. F19628-70-C0128

Approved for public release; distribution unlimited.

The views and conclusions contained ir i document
are those of the authors and should aot be interpreted
representing the oflicizi policies, cither
expressed or implied, of the Advanced Research
Projects Agency or the U. S. Govemnment.

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES
AIR FCRCE SYSTEMS COMMAND

UNITED STATES AIR TORCE

BEDFORD, MASSACHUSE:TS 01730

Nices

P
5
-

>
o e/
@ ‘gi ;“.p;,:h_

YERTa WG Ly 3

PR ICC e PRIl




e

I
PRI

i

A T)

s

e

LIRS

45 kAneD a
ELT ot i Bt

oS
- s eunmrmrerasererset S et
P T
TR T AL ey SRR

e

R “- e ey T
sencd & RS - .
I : y .

- AL cEL T

) - 3 . P
PR hES LN LY R
e . . - -
- - : . L

Sudotar P e

wate SRR
5 Ena O

~

.................................................. . OEso
6 Novembe;' 1969
Contract Expiration Date .......cc.coocvevcercennnnen. revreeceanns + anres ... 31 December 1971
FPrincipal Investigator 204 Phone No. .. ..... wee . Dr. Martin O. Harwit/607.2°6-4805
Project Scientist or Engineer 272 Prupe No. .. . Stephan D. Price/617-5¢5-2501

Qualified requestors may obtain additicasl copies from the Defense Documentation
Center.  All others should 2pply to the National Technicel Information Service.




oo

DOCUMENT CONTROL DATA -R & D

Shetract and indexing annatation swet b entered when the oversll repoct 18 class:iled) 1
1. eanmAIWG ﬁCT tTY (Corpocete suthor, 22. REPORT SECURITY CLASSIFICATION
orne.i Universitvy

- Unclassified-
Sg;grsg gnggdlgggigigg and Space Research N TRETr

Jthaca, New Yoerk 14850 1

3. REPCRT TITLE

Unclassified
Secunty Cllgliﬂﬂq

INFRARED ROCKET ASTRONOMY

4. DESCRIPTIVE NOTES (Type of report and inclusive detes)

Scientific Interinm.

S. AUTHORIS) (Firat name, middle initial, last name) E
3 Martin O. Harwit Judith L. Pipher f;
: James R. Houck Baruch T. Soifer ’g
3 c REPORT OATE Y WS, GES 6. NO. OF REFS E
E 15 November 1971 11 2
;f 8s. CONTRACT OR GRANT NO. AHPA Order‘ NO . $8. ORIGINATOR'S REPORYT NUMSBERIS) %
‘ &€i2ﬂ§§;30‘0128 1366 Annual Report No. 2 %
c 8692 N/A N/A 9. OTHER REPORTY NOIS) (Any other numbere that may be sssigned j-f

'62 3 01D this report) :;

= 4 N/A AFCRL -71-0588 3

10. DISTRIBUTION STATEMENTY

A - Approved for public release; distribution unlimited.

11, SUPPLEMENTARY NOTES 1. SgONSORING MILITARY ACTIVITY
This research was supported bty thel Alr ~orce Cambridge Research

E |- Advanced Research Projects L.G. aﬁgﬁiggﬁlgie( F)

iq i
L__Agency. Sedford . Eassachusetts 01730
- . 13. ABSTRACT -

N ‘
E ¢ Th¥¢ report descrites the work ccmpleted between 10 May 1971 ard
E ¢ 15 November 1971, and is divided into eight sections. © ]

-

S
™
Y -

23 A)*Performance of telescope system,

E £ B) Iniegration and vibration testing, .

4 C) Rocket flight NP 3.39 -- 1€ July 1971,

= B D) Performance of the reassembled telescope system,
E ¥ E) Results of 16 July 1971 flight,

3 R) Ground Based Effort,
3 ) Personnel, : - -
H) Publications. .

Y

et 00 Siidued oeddii o

~3-Q.

"

1
:
!
!
1

A MR YA bl A

FORM
DD .*%*..1473 Unclassified

Securily Classificatirn

N i - Y




Unclassified
Security

Classification

14,
KEY WORDS

LINK A

LINK B

ROLE

ROLE T

wT

Infra-red.
Detect -rs.
Cryogenic Telescope.

Sounding Rocket.

LTI R SN R D W A ) o ARy

FRVRIM N N S RO 0T T

g T B R A 9w

LR LIRS L

3

= B
:

3

1
- 1
= H
= i
= 2
= 3
R 3
- H

e & ey

eeee—

rv e e

T 1A
(b

oo
pr—

Unclassified

ity Classification




‘wh"l I"l \vn‘

Jiiviint

i

b

e R P R AT PN AT T T AR

A

)

! e
it et S e K

L

v it R

AFCRL - 71-0588

INFRARED ROCKET ASTRONOMY

Martin O. Harwit, James R. Houck,
Judith L. Pipher, and Baruch T. Soifer

Center for Radicphysics and Svace Research, Space Science Bullding
Cornell University, Ithaca, N.Y. 14850

Contract No. F19628~-70-C-0128
Project No. 8692

Annual Report No. 2

15 November 1971

Contract Monitor: Stephan D. Price
Optical Physics Laboratory

This document has beer. approved for public release and scle;
its distribution is unlimited.

Sponsored by
Advanced Research Projects Agency

ARPA Order No. 1366

Monitored by

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES
AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE
BEDFORD, MASSACHUSETTS 01730




ABSTRACT

This report describes the work completed between 10 May 1971
and 15 November 1971, and is divided into elght sections:

A) Performance of telescope system,

B) Integration and vibration testing,

C) Rocket flight KP 3.39 —-- 16 July 1971,

D) Performance of the reassembled telescope system,
E) Results of 16 July 1971 flight,

F) Ground based effort,

G) Personnel,

H) Publications.
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A) Performance of the Telescope System

The new optical system was calibrated using a blackbody
radliation source.1 The following results were obtained:

Channel Wavelength

Number _ Range (u) _ NEP (System) NEFD
1 5-6 1.8x10713 watts Hz"1/2 107 w/en’Hz1l/?
2 12-14 8x1071>  » ux10”17 =
3 16-23 3x107%  w 2x107 20 »
4 70-130 SL7x10713 w 0.8x10” 12 »
5 200-300 1.5x107 1w 0.8x10"%3 »
6 300-1300 2x10712  » 1x07H

Th: sensitivity figures listed above are for the entire
telescope system. As such they do not include corrections for
filter or chopper losses. These figures are not as good as the
corresponding figures for the A0400.4-3 payload. Since the
new optical system had 3 additional mirrcrs, and new light pipes,
the fact that the new sensitivities were within a factor of 10
of the previous results was considered a successful change.

Unfcrtunately the mirrors deiivered were unsatisfactory in
surface quality, so that tte off-axis rejection was not improved
substantially over that previously reported.2 Even with the poor
quality primary mirror the off axis rejection was comparable to
that observed with the AQL00.U4-3 system at small zenith angles,
and better at the large zenith angles required for the KP3.39
flight.

13.R. Houck and M.0. Harwit, Science 1271, 164 (1969).

2M. Harwit, J.R. Houck, J.L. Pipher, and B.T. Soifer, Semiannual
Report No. 2. Report No. AFCRL-71-0328.
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B) Integration and Vibration Testing

The payload was shipped tc Kitt Peak National Observatory
in Tueson, Arizona, for integration and vibration testing during
the week of 9 June 1971. The integration tests were performed
on 9 June 1971 and vibration tests on 10 June 1971. These tests
were followed by a "turn on" to check the functioning of the
system after vibration. No problems were encountered during the
vibration or turn on tests. Only a few minor prcblems were
encountered during the integration tests. The payload and support

equipment were shipped directly from Kitt Peak to White Sands for
the flight.
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C) Rocket Flight KP 3.39 -~ 16 July 1971

The pay-oad was prepared for flight at W$MR between
13 June 1971 and 21 oune 1971. A pre-horizontal check was
made .n 18 June 1971 and a horizontal check on 21 June 1971.
Urfori o~ .ely, hecause of a weék postpcnement of an Aerobee
350 .:* 1, and a fu.l scheduie for use.of the Aerobee 350
tower tne week following our scheduled launch, the rocket was
wnable to go into the launcn tower 1n June: The flight was
rescheduled for 16 July 1971 and preparations for this launch
were made from 12 July 1671 to 16 July 1971. An unofficilal
horizontal check was made on 14 July 1971.(the June.horizontal
was official) and the vertical check on 15 July 1971.

The rocket, an Aerobee 170, was launchéd at 21:53 MST on
16 July 1971. All parts of the payload functioned aé expected.,
There were nc problems with either the cryogenic or vacuum
systems. A problem with the 4CS system was discovered upon
reduction of the aspect pictures, taken by a Nikon camera; flown
with the payload. The analysis of the aspect pictures revealed
that the point of tip eject was about 10° off the planned point
of tip eject. The actual scan pattern was correct tﬁroughout
the flight in terms of lengths of scans, and angles bet%een
scans, however the entire pattern was affecFed by the initial
error. Fortultously, the one point of the original scan pattern

tnat was actuvally scanned was the galactlic center. There has been

no hypothesis put forth as to the cause of the ACS error. The

ACS system was tested following the flight, and performed nominally.
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The payload was recovered in excellent condition on
17 July 1971.

D) Performance of the Reassembled Telescope System

. The belescbpe sy¥stem was reassembled following the 17 July

1971 flight, and recalibrated. Thae résults were in excellent

agreement :with the preflight calibrations listed on page 3.

Inspection of the system revealed virtually no damage to the

. . system from the flight.

=
H

g

3

=

= H -

= F

, %
%

= £

] E

= EH

kS

Eseosn oot e

i

|
;

ezl

i




R T e S IS A5 T T LR Y i B L aEY == — s P
e T S e e R e e R R e o R e s A L e T T P e Ty S T g s T 5 e

— i

T RN

E) Results of 16 July 1971 Flight

The results and implications for the 4 shortest wavelength
detectors are presented in the First Data Report, which con-
tains the text of two papers "Rocket Infrared 4-Color Photometry ;
of the Galaxy's Central Regions," by J.R. Houck, B.T. Soifer,
J.L. Pipher, and M. Harwit, and "#dhy Many Infrared Astronomical

PRELNUYN

Sources Emit at 100um" by M. Harwit, B.T. Soifer, J.R. Houck,

PRI RAT)

and J.L. Pipher. The first of these papers has been published
in the Astrophysical Journal (169, L31). The second paper has

been submitted for rublication in the journal Nature.

PP o A D A AN YA e o

The two long wavelength detectors did anot funztion properly
during the flight and this problem is being studied, in an
attempt to determine the cause. The preliminary hypothesis 1s

that the malfunction 1is a result of radio frequency inter-

ol Pt e e e oy

ference, which did not reveal itself during any of the preflight

Wb g2t AL v L 0

% tests. We base this hypothesis or the fact that the telemetry
frequency was 2 GHz for this flight, whereas for AO 400.4-3,
in which these detectors worked well, the telemetry frequency

vas 234 MHz. Also these two detectors are the most susceptible

to this kind of effect.
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F) Ground Based Effort

The ground-based photometer was taken to Maura Xea
§ Observatory at the beginning of October. A total of 8 days of
observing time on the 24" telescope were spent, of which about
70% of the time was useful for observing. Observations were
made at both 10u and 20p. Much time was spint searching for the
sources observed in the KP3.39 rocket flight, as well as sources
from previous Cornell rocket flights. The data is curreantly

being reduced, however no positive indication has been fcund for

S —
(I B 2Ty

these sources. This would indicate that these are non psint-like
! sources, since with the measured sensitivity of the photcmeter,

sources of the observed strength would have been seen with very

pro——

high signal to noise (>10) in one second. (This is true, of

course, only i1f our aspect positions are correct, however we
i have fairly good agreement with  known objects.)
= The equipment performed up to expectations on the telescope.

The previous problems of microphorics seem to have been elimin-

St

ated with the newly designed chopper and a new type of detector

st

mount.
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G) Personnel
Function or Area of

Nz..e Responsibility Support

M.O. Harwit Project Scientist Part Time

J.R. Houck Project Scientist Part Time

J.L. Pipher Long Wavelength Part Time
Detectors

B.T. Soifer Short Wavelength Part Time
Detectors

J. Stasavage Technician Part Time

Hj Publications

J.R. Houck, B.T. Soifer, J.L. Pipher, and M. Harwit,
"Rocnet Infrared U4-Color Photometry of the Galaxy's Central
Regions" Ap.J. 169, L31 (1971).

M. Harwit, B.T. Soifer, J.R. Houck, J.L. Pipher, "Why

Many Infrared Astronomical Sources Emit at 100um" submitted
to Nature.

B.T. Soifer, J.R. Houck and Martin Harwit "Rocket Infrared
Observations of the Interplanetar,; Medium" Ap.J. 168, L73
(1971).
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